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Description 

Field of the Invention 

[0001] This invention relates to occupant restraints for 
vehicles and particularly to a restraint system having 
seat sensors to identify adult and infant seat occupancy. 

Background of the Invention 

[0002] The expanding use of supplemental inflatable 
restraints (SIRs) or air bags for occupant protection in 
vehicles increasingly involves equipment for the front 
outboard passenger seat. The driver side air bag has 
been deployed whenever an imminent crash is sensed. 
The position and size of the driver is fairly predictable 
so that such deployment can advantageously interact 
with the driver upon a crash. The passenger seat, how- 
ever, may be occupied by a large or a small occupant 
including a baby in an infant seat. It can not be assumed 
that a passenger of any size is at an optimum position 
(leaning against or near the seat back). An infant seat 
is normally used in a rear facing position for small babies 
and in a forward facing position for larger babies and 
small children. While the forward facing position approx- 
imates the preferred position tor air bag interaction, the 
rear facing position places the top portion of the infant 
seat close to the vehicle panel which houses the pas- 
senger side air bag. In the latter event, it may be desir- 
able to prevent deployment of the air bag. Similarly, if a 
passenger in the seat is leaning forward, it may be de- 
sirable to prevent air bag deployment. 
[0003] It has been proposed to use a magnet or other 
special attachment on an infant seat and a special sen- 
sor in the seat or instrument panel which detects the at- 
tachment and allows determination that an infant seat 
is present and is positioned in a particular way. Of 
course that arrangement is operable only with the spe- 
cially equipped infant seats; other infant seats and pas- 
sengers are not serviced. A separate sensing system 
would have to be employed to detect the position or 
presence of small children or adults. 
[0004] Seat belt restraint systems can also benefit by 
information about the presence of passengers. For ex- 
ample, by monitoring which belts are buckled and which 
seats are occupied, a warning display can inform the 
driver that some seat or a particular seat is occupied 
and the belt is not utilized. Where an infant seat is in a 
vehicle seat and the infant seat is occupied, this seat 
also should be belted in and the warning system em- 
ployed to detect a failure to meet this condition. Re- 
search Disclosure no. 357 dated 1 January 1994 de- 
scribes a method in accordance with the preamble of 
claim 1 . 

Summary of the Invention 

[0005] It is therefore an object of the invention to de- 
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tect a full range of vehicle passengers including occu- 
pied infant seats supported on a vehicle seat. Another 
object is to detect such passengers and to discriminate 
between rear facing and front facing infant seats. An- 
5 other object is to control a restraint system in accord- 
ance with information developed by detecting the pres- 
ence of occupants and the positions of occupants. 
[0006] A SIR system, as is well known, has an accel- 
eration sensor to detect an impending crash, a micro- 
controller to process the sensor signal and to decide 
whether to deploy an air bag, and a deployment unit fired 
by the micro-controller. An occupant detection system 
can determine if an occupant or infant seat is positioned 
in a way to not benefit from deployment, and then sig- 
nalling the micro-controller whether to albw deploying 
the air bag. 

[0007] A large array of many hundreds of pressure 
sensors in or on a vehicle seat cushion can reveal a 
pressure profile which is distinctive for each type of seat 
occupant and can also measure the weight of the occu- 
pant. An adult has one kind of profile, a front facing infant 
seat has another, and a rear facing inlant seat has still 
another. These profiles indicate that the "center of grav- 
ity" or center of weight distribution is distinctive for each 
of these three conditions. Such an array of sensors, 
however, is very expensive and the electronic equip- 
ment for servicing the array and analyzing the pressure 
information is also expensive. 
[0008] It has been found, however, that a very small 
number of sensors, judicially located in the seat, can 
garner sufficient pressure and distribution information to 
allow determination of the occupant type and infant seat 
position. This information, in turn, can be used as de- 
sired to inhibit SIR deployment. Two sets of four sensors 
symmetrically arranged on either side of a seat center- 
line are adequate to gather the pressure data. In each 
set, two sensors are situated near the centerline and 
near the back of the seat cushion, the other two are fur- 
ther forward and outboard, one on the wing of the cush- 
ion and the other just inboard of the wing. Each sensor 
is a very thin resistive device, having lower resistance 
as pressure increases. A microprocessor is pro- 
grammed to sample each sensor, determine a total 
weight parameter by summing the pressures registered 
by the several sensors, and determine the center of 
weight distribution from the sum of the products of each 
sensed pressure and its distance from the rear of the 
seat, and dividing the product by the total weight. 
[0009] Based on the minimum weight of an occupied 
infant seat (about 4.5 kg or 10 pounds) and the maxi- 
mum weight of an occupied infant seat (22.5 kg or 50 
pounds), maximum and minimum thresholds are cali- 
brated, and those are compared to the measured total 
weight parameter to determine whether the vehicle seat 
is holding an occupied infant seat, a larger person, or 
has no occupant. The center of weight distribution is 
used to determine the position of an infant seat, a rear 
facing seat having a weight center much further forward 
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than a forward facing seat. Given the occupant informa- 
tion, it can then be decided whether to deploy the air 
bag during a crash. The decision depends on the de- 
sired results which may be dictated by the legal require- 
ments where the vehicle is operated. Typically, the air 
bag deployment will be prevented at least in the case of 
an occupied rear facing infant seat. 
[0010] A sampling of the sensors and a deployment 
decision is made periodically, say each second, and the 
system is monitored for failure by testing consistency of 
the decisions. If five consecutive decisions are the 
same, that decision is validated and signalled to the SIR 
micro-controller; if the five decisions are not the same, 
a failure is registered and the previous validated deci- 
sion is maintained. In any event, a 6ignal to enable or 
disable deployment is issued every five seconds. How- 
ever the failures are counted and if a large number of 
failures occur, a failure signal is sent to the micro-con- 
troller. 

[001 1] Another use of the seat pressure profile sensor 
in a restraint system is for a seat belt warning indicator 
to advise the vehicle operator whether any seat is oc- 
cupied either by a baby in an infant seat or by a larger 
person, and the seat belt for that seat is not fastened. 

Brief Description of the Drawings 

[001 2] The above and other advantages of the inven- 
tion will become more apparent from the following de- 
scription taken in conjunction with the accompanying 
drawings wherein like references refer to like parts and 
wherein: 

Figure 1 is a schematic diagram of a SIR system 
and an associated seat sensor system according to 
the invention; 

Figure 2 is atop view of a vehicle seat cushion hav- 
ing pressure sensors positioned on the seat, ac- 
cording to the invention; 

Figure 3 is an outline elevational view of a vehicle 
seat containing a rear facing infant seat illustrating 
an application of the invention; 
Figure 4 is an outline elevational view of a vehicle 
seat containing a forward facing infant seat illustrat- 
ing an application of the invention; 
Figures 5a, and 5b, in combination, comprise a flow 
chart representing a computer program for seat oc- 
cupant detection and SIR control according to the 
invention; and 

Figure 6 is a schematic diagram of a seat pressure 
sensor and seat belt system according to another 
embodiment of the invention. 

Description of the Invention 

[001 3] Referring to Figure 1 , a SIR system includes a 
SIR module 10 coupled to a seat occupant sensing sys- 
tem 12. The SIR module 10 includes an accelerometer 



1 4 mounted on the vehicle body for sensing an impend- 
ing crash, a microprocessor 16 for receiving a signal 
from the accelerometer and for deciding whether to de- 
ploy an air bag. An air bag deployment unit 18 is con- 

5 trolled by the microprocessor 16 and fires a pyrotechnic 
or compressed gas device to inflate an air bag when a 
deploy command is received. A fault indicator 20, also 
controlled by the microprocessor 16 will show a failure 
of the seat occupant sensing system 12. 

io [0014] The seat occupant sensing system 12 com- 
prises a microprocessor 22 having a 5 volt supply and 
an enabling line 24 periodically provided with a 5 volt 
enabling pulse, and a series of voltage dividers coupled 
between the enabling line 24 and ground. Each voltage 

is divider has a fixed resistor 26 in series with a pressure 
sensor or variable resistor 28, and the junction point of 
each resistor 26 and variable resistor 28 is connected 
to an A/D port 30 of the microprocessor 22. The micro- 
processor 22 controls the pulse on enabling line 24 and 

zo reads each sensor 28 voltage during the pulse period. 
The microprocessor 22 analyzes the sensor inputs and 
issues a decision whether to inhibit air bag deployment 
and the decision is coupled to the microprocessor 16 by 
a line 32, The microprocessor 22 also monitors its de- 

25 cisions for consistency and issues a fault signal on line 
34 to the microprocessor 16 if faults continue to occur 
over a long period. 

[001 5] Each fixed resistor 26 is, for example, 1 7.4 ko- 
hms and the variable resistors vary between 2 kohms 

30 at high pressure and 174 kohms at low pressure. Then 
the voltage applied to the ports 30 will vary with pressure 
from about 4.6 volts to 0.5 volts. Each sensor is mounted 
between polymer film sheets and includes a pair of con- 
ductive electrodes about 25.4 mm (one inch) in diameter 

35 separated by carbon layers such that the resistance be- 
tween electrodes decreases as pressure increases. 
Such sensors are available as UniForce (TM) sensors 
from Force Imaging Technologies, Inc., Chicago, IL To 
minimize any deteriorating effects of current through the 

40 sensors, snort enabling pulses of 1 ms are applied once 
each second. 

[0016] The mounting arrangement of sensors 28 on 
a bottom bucket seat cushion 36 with lateral wings 37 
is shown in Figure 2. A first set 38 of four sensors 28 

45 mounted on a common flexible circuit substrate 40 is 
located on the right side of a seat center line and a sec- 
ond set 42 is symmetrically disposed on the left side of 
the center line. In each set, a sensor at position A is 
close to the centerline and near the back of the cushion, 

so a sensor at position B is outboard of position A and fur- 
ther back. A third sensor 28 at position C is forward of 
position A and near the wing 37, and a fourth sensor at 
position D is on the wing 37 and forward of position C. 
Although weight distribution of an occupant may be as- 

55 sumed to be approximately balanced between left and 
right sides of the seat, having sensors on both sides of 
the seat allows good data collection and measurement 
of total weight and distribution in the event of unbalance. 
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Weight distribution is centered somewhere within the 
confines of the sensor grouping and is calculated with 
reference to an arbitrary datum line 44 extending trans- 
versely of the seat. The particular center of weight dis- 
tribution is determined by calculating the product of each 
measured sensor response and the sensor distance SD 
from the datum line 44, summing the products, and di- 
viding the sum by the total of all the measured weights. 
In practice, it is found that the center of weight varies 
greatly depending on the type of occupant and whether 
an infant seat faces forward or rearward. 
[0017] In Figure 3, a vehicle seat 46 having a bottom 
cushion 36 instrumented according to the arrangement 
of Figure 2, supports an infant seat 48 facing to the rear, 
which is the preferred position for small babies. Seat 
belts for securing the infant seat are not shown. The top 
or head portion 50 of the infant seat 48 extends toward 
the front of the passenger compartment and is spaced 
from the vehicle instrument panel 52. Figure 4 shows 
the same infant seat 48 facing forward and the head por- 
tion leans against the seat back. It is apparent by com- 
parison of the Figures 3 and 4 that the center of gravity 
of the rear facing infant seat is much further forward than 
the forward facing seat, and experimental data supports 
that conclusion. Adult occupants, when seated normal- 
ly, have a center of gravity near the rear of the seat. 
[001 8] The seat pressure sensor locations are select- 
ed to detect the difference of center of gravity of the rear 
and forward facing infant seats. In Figure 2 the positions 
A and B mainly reflect the adult occupant presence and 
the positions C and D mainly reflect the infant seat pres- 
ence. While the sensors are localized and do not actu- 
ally weigh the whole person or infant seat, they can 
measure weight parameters which together represent 
the total weight and can be empirically related to the total 
weight, and in the same way the center of weight distri- 
bution calculations can approximate the real center of 
gravity positions well enough to clearly distinguish be- 
tween forward and rear facing infant seats. 
[0019] The sensors are preferably located just be- 
neath the seat cover and some pressure is exerted on 
the sensors by the seat cover. At the time of vehicle 
manufacture, the sensors are calibrated by measuring 
each sensor voltage for an empty seat condition and 
those calibration voltages are stored. When weight 
measurements are made by a particular sensor, the cur- 
rent voltage is read and subtracted from the calibration 
voltage. The difference voltage then is a function of the 
pressure exerted on the sensor and is empirically relat- 
ed to actual occupant weight. That is, the sum of meas- 
ured voltage differences is a weight parameter which 
represents occupant weight and the value of that sum 
is empirically determined for critical threshold values 
which are used in determining the occupant type. These 
values are, for example, 50 pounds (approx. 22.5 kg) 
for the maximum weight of an occupied infant seat, and 
10 pounds (approx. 4.5 kg) for the minimum weight of 
an occupied infant seat, allowing a range of 5 to 10 



pounds (approx. 2.25 to 4.5 kg) for seat weight and a 
range of 5 to 40 pounds (approx. 2.25 to 1 .8 kg) for baby 
weight Thus by selecting voltage values for these two 
thresholds a distinction can be made among empty seat, 
5 occupied infant seat and a larger seated occupant. The 
maximum and minimum threshold values are stored in 
the microprocessor 22. 

[0020] The calculated weight center or weight distri- 
bution parameter made by summing the products of the 

10 sensor outputs and their distance from a datum line, and 
dividing the sum by the total weight parameter yields a 
first set of results for a rear facing infant seat and a sec- 
ond set for a front facing infant seat These two sets are 
on opposite sides of an imaginary transverse reference 

is line; the results for rear facing seats are in front of the 
line and the results for forward facing seats are behind 
the reference line. The distance data for each sensor is 
stored in the microprocessor 22 which makes the cal- 
culation, and the position of the imaginary reference line 

20 is also stored there for comparison with the calculated 
weight distribution parameter. 

[0021] The microprocessor 22 is programmed to is- 
sue enabling pulses on line 24, read each sensor during 
each pulse, make a decision whether to allow deploy- 

25 ment, monitor the decisions for a fault, and output the 
decision and fault results to the SIR microprocessor 16. 
The flow chart of Figures 5a, and 5b represents the pro- 
gram. Reference numerals shown herein in angle brack- 
ets <nn> refer to functions described in flow chart boxes 

30 bearing those numerals. At the beginning of the program 
a timer is initialized <60> and the program is delayed 
<62> until one second has elapsed in order to limit the 
program executbn to once per second. Then the sen- 
sors are enabled and each sensor sampled <64>. The 

35 sampled voltage is subtracted rom the sensor calibra- 
tion voltage to determine a force for each sensor <66> 
and they are summed to obtain a total force or weight 
parameter <68>. Then a center of force or weight distri- 
bution is made <70>. If the total weight parameter is 

40 greater than the maximum infant seat weight <72> this 
indicates that a larger occupant is present and a deci- 
sion is made to allow depbyment <74>. Otherwise, if 
the total weight parameter is less than the minimum 
weight threshold for an occupied infant seat <76> it is 

45 determined that the seat is empty and a decision is 
made to inhibit deployment <78>. The same result could 
be obtained if a child or larger occupant in the seat is 
out of position, i.e., leaning forward; then it still is desir- 
able to inhibit deployment If the total weight parameter 

so is between the threshold the occupant is identified as 
an occupied infant seat or a small child <80>. If the cent- 
er of weight distribution is forward of the reference line 
<82> a rear facing infant seat is detected and a decision 
to inhibit deployment is made <84>. If the center of 

55 weight distribution is not forward of the reference line, a 
forward facing infant seat is detected and a decision is 
made to allow deployment of the air bag <86>. 
[0022] The portion of the flow chart shown in Figure 
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5b is directed to detecting a fault by monitoring the con- 
sistency of the decisions. The decision made in each 
loop execution is stored in an array <90> and if less than 
five decisions have been stored <92> a decision counter 
is incremented <94>. If the counter reaches a count of 
five, the counter is cleared <96> and the decisions are 
compared to determine if they are all the same <98>. If 
they are the same, the current decision is transmitted to 
the SIR module 10 <100>, the current decision is la- 
belled as the previous decision <102>, and a faulty de- 
cision counter is cleared <104>. it all five decisions are 
not the same, the previous decision is retransmitted to 
the module 10 <106> and the faulty decision counter is 
incremented <108>. If a large number of consecutive 
faulty decisions occur <11 0> a fault signal is transmitted 
to the SIR module 10 <112> and the faulty decision 
counter is cleared <114>. The maximum allowed 
number of unstable readings may, for example, amount 
to one half hour of operation. With this program the de- 
cision to allow deployment is updated every five sec- 
onds, and an occasional spurious decision, which may 
be due to occupant movement or other instability, is fil- 
tered out. Extended instability triggers the fault signal 
which results in energizing the fault indicator 20. 
[0023] It is thus seen that a relatively simple seat pres- 
sure sensor along with a logical decision program can 
provide a substantial amount of information about the 
nature of a passenger seat occupant, if any, and a reli- 
able decision whether to inhibit air bag deployment. It is 
expected that this system be limited to a passenger seat 
subject to SIR protection. 

[0024] Referring to Figure 6, a seat belt monitoring 
system provides belt usage information to the driver for 
each passenger seat so that the driver can enforce a 
requirement that each passenger's seat belt be fas- 
tened. Thus it is desirable to determine whether a seat 
is occupied and to generate a warning signal only if an 
occupied seat has an unfastened belt. Each passenger 
seat position for front and rear seats 120 is equipped 
with a seat sensor 122 of the type shown in Figure 2. 
Seat belts 124 for each position each have a seat belt 
detector 126 which signals that a belt is not fastened. 
Signal lines 1 28 from the sensors 1 22 and detectors 1 26 
connect with a control circuit 1 30 which can determine 
whether a seat is occupied and the corresponding belt 
is unfastened, and if so to activate an indicator 132 
which informs the driver of non-compliance. In the case 
of infant seats only the weight measurement is needed 
to determine whether a seat is occupied, the position of 
the infant seat being irrelevant. The control circuit 130 
then should contain a microprocessor programmed with 
steps 60 through 80 of Figure 5a to determine if a seat 
is empty or occupied, the program being separately ex- 
ecuted for each seat sensor 122, and additional logic to 
determined whether an occupied seat correlates with an 
unfastened belt. 



Claims 

1 . A method of detecting infant and adult presence in 
a vehicle seat (120) with an array of pressure sen- 

s sors (28) strategically located in the seat (120) for 
response to adult occupants and infant seats (48), 
the method including measuring a pressure re- 
sponse of each pressure sensor (28) and calculat- 
ing an occupant weight parameter therefrom, and 

10 characterized in that adult presence is distin- 
guished from an occupied infant seat on the basis 
of the occupant weight parameter and an estab- 
lished maximum response threshold for occupied 
infant seats, and an occupied infant seat is distin- 

15 guished from no occupant on the basis of the occu- 
pant weight parameter and an established minimum 
response threshold for occupied infant seats. 

2. The method of Claim 1 , including the steps of: 

20 determining from the pressure responses of 

the sensors (28) whether an infant seat (48) is rear 
facing or forward facing, and inhibiting air bag de- 
ployment when an occupied rear facing infant seat 
is detected. 

25 

3. The method of Claim 2, wherein the step of whether 
an infant seat (48) is rear facing or forward facing 
includes the steps of: 

so calculating a weight distribution parameter 

based on the response and position of each 
sensor (28); and 

discriminating between front and rear facing in- 
fant seats based on the weight distribution pa- 
ss rameter. 

4. The method of Claim 1 , including the steps of: 

determining whether the vehicle seat (120) is 
^0 occupied; 

determining If a seat belt (124) for the seat is 
unfastened; and 

providing an indication when the seat (120) is 
determined to be occupied and the seat belt 
4S (1 24) is determined to be unfastened. 



Patentanspruche 

50 i. Veriahren zum Detektieren der Anwesenheit eines 
Kindes oder eines Erwachsenen in einem Fahr- 
zeugsitz (1 20) mit einem Array aus Drucksensoren 
(28), die zur Ant wort auf erwachsene Insassen und 
Kindersitze (48) strategisch in dem Sitz (1 20) ange- 

ss ordnet sind, wobei das Verfahren umfaBt, daB eine 
Druckantwort jedes Drucksensors (28) gemessen 
wird und daraus ein Insassengewichtsparameter 
berechnet wird, und dadurch gekennzeichnet, daB 
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die Anwesenheit eines Erwachsenen von einem be- 
setzten Kindersitz auf der Grundlage des Insassen- 
gewichtsparameters und eines festgelegten, maxi- 
malen Antwortschwellenwertes fOr besetzte Kin- 
dersitze unterschieden wind, und daft ein besetzter s 
Kindersitz von keinem Insassen auf der Grundlage 
des Insassengewichtsparameters und eines fest- 
gelegten, minimalen Antwortschwellenwertes fur 
besetzte Kindersitze unterschieden wird. 

70 

2. Verfahren nach Anspruch 1, das die Schritte um- 
faQt, daft: 

aus den Druckantworten der Sensoren (28) be- 
stimmt wird, ob ein Kindersitz (48) nach hinten oder 
nach vorne weist, und daft eine Entfaltung des Luf t- is 
sacks unterbunden wird, wenn ein besetzter, nach 
hinten weisender Kindersitz detektiert wird. 

3. Verfahren nach Anspruch 2, wobei der Schritt, ob 
ein Kindersitz (48) nach hinten oder nach vorne 
weist, die Schritte umfaftt, daft: 

auf der Grundlage der Antwort und der Position 
jedes Sensors (28) ein Gewichtsverteilungspa- 
rameter berechnet wird, und 25 
auf der Grundlage des Gewichtsverteilungspa- 
rameters zwischen nach vorne und nach hinten 
weisenden Kindersitzen unterschieden wird. 

4. Verfahren nach Anspruch 1, das die Schritte unv so 
faftt, daft: 



Revendications 

1 . Proc6d6 de detection de la presence d'un enfant et 
d'un adulte dans un siege (120) de vehicule avec 
un reseau de detecteurs (28) de pression disposes 
de maniere strategique dans le siege (120) pour 
une reponse a des occupants adultes et des sieges 
(48) pour enfants, le precede comportant la mesure so 
d'une reponse de pression de chaque detecteur 
(28) de pression et le calcul d'un parametre de poids 
d'occupant a parti rde ceci, et caracterise en ce que 
la presence d'un adulte se distingue d'un siege oc- 
cup6 pour enfant sur la base du parametre de poids ss 
d'occupant et d'un seuil de r6ponse maximum etabli 
pour des sieges occupes pour enfants, et un siege 
occupe pour enfant se distingue d'une absence 



d'occupant sur la base du parametre de poids d'oc- 
cupant et d'un seuil de reponse minimum etabli pour 
des sieges occupes pour enfants. 

2. Precede selon la revendication 1 , comportant les 
etapes de : 

determination, a partir des reponses de pres- 
sion des detecteurs (28), du fait qu'un siege (48) 
pour enfant fait face a I'arriere ou face a I'avant, et 
d'empechement du denotement d'un coussin pneu- 
matique de s^curite lorsqu'un siege occupe pour 
enfant face a I'arriere, est detecte. 

3. Precede selon la revendication 2, dans lequel Teta- 
pe de determination du fait qu'un siege (48) pour 
enfant est face a I'arriere ou face a I'avant comporte 
les etapes de : 

calcul d'un parametre de repartition de poids 
sur la base de la reponse et de la position de 
chaque detecteur (28); et 
de discrimination entre des sieges pour enfant 
face a I'avant et a I'arriere sur la base du para- 
metre de repartition de poids. 

4. Precede selon la revendication 1, comportant les 
etapes de : 

determination du fait que le siege (120) du ve- 
hicule est ou non occupy ; 
determination du fait qu'une ceinture de secu- 
rity (1 24) pour le siege, est ou non attach6e ; et 
fourniture d'une indication lorsque le siege 
(120) est determine comme etant occupe et la 
ceinture de securite (124) est d6termin6e com- 
me etant non attachee. 



25 



bestimmt wird, ob der Fahrzeugsitz (120) be- 
setzt 1st, 

bestimmt wird, ob ein Sicherheitsgurt (124) fur 35 
den Sitz nicht angelegt ist, und 
eine Anzeige geliefert wird, wenn bestimmt 
wird, daG der Sitz (120) besetzt ist, und be- 
stimmt wird, daG der Sicherheitsgurt (1 24) nicht 
angelegt ist. <o 
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